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‘his study was made te investicate the Inerease 
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in pressure drop thrown a helix over that through a 


4, : w “ . <i aes 
GStralgnt pive ana to study the variavles involved. 
WoO vyy oar Mee sm tap halti pepe one aayte: treieht 
sue yMessure crops in ten helices and: seven streleht 


sipes were ovuserved over a rence of lteynolds Mumbers. 


- 


“ne results indiexute that the inerease in 
pressure drow due to the helical shape is a function 


oF tube diameter, helix diameter, relutive rouchness, 


wil possibly neyolds Vuuber. here is some indicstion 
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thot relative roughness my be the most insortant of 
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these variables. UJowever, tne data obtained are 
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insufficient toe justivty the formulation of an 


ure correction. 
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INT VONUCTION 

“he literature revesls little on the subject of 
preesure drop in ne@@icel coils. Wr, 8, T. Morrfasa of the 
neroiet Dneineering Corporation end Dr, H, ©, Seifert of 
the Jet Propulsion Lebdoreatory, Californie Inetitute of 
Technoloey, huve each used a streicht vine corragtion 
factor to estimate the pressure drop of cosoline cotls for 
small rocket motors, Thir study ts er Insorhicte effort 
to 1OTmutate guch a corrgetion iscector, 

The procedure ottemrted wae to compare the nreesure 
ave, threwerh e@vere) helicel coils with hhe pres#urTe gro: 
‘srourh ecoulivelent streieht tubes of eoal] relutive 


-ouchnesse, However, the rourrness of the teet srecimens 


could rot te controlled ard ecuivalent relitive rourhrnes 


uf 


of tne straisnt end nelical specimens rss not achieved, 
Conpsecuently, the comparison was made between the orserve a 
friction factors of the helices ens strairht sipe friction 
factors predicted from the curves of reference 1, Ho 
attempt was made to correliete the results with a 
thecretical study of flow phenomena, 

The scope of the work is limited in several other 
-eepects, 411 conduit samples stutied were of small 
circular cross-section and the unper mear velocity of 
flow wan orbitvrarily limited to fifty feet ner second, 
Conseoventliy, the results sre confined to a small rence 


of iiewnolds Numbers in the turbulent flow recime, 


The wory wes done during «april throurh .ucust, 1948, 


at the Jet. Propulsion Laboratory, California iInetitute of 
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Technolor, Pasadena, California, 
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iviction fretor, Tivenetorless, Defined dv the 

Darev enuation for pressure Aron in a streichy 
4 a : ae vw _ 

cireslar ccrdnait: AP=fPf(L/M)Aa(vo/Pe) 


Predicted friction factor for strateht conduit 


from known relative ronuchneas retio anc lievnolds 


Earher (CcP-wka@r, 1) 


‘served friction factor = APewy 229 
; mealies Ldv? 
‘reassure drop, 1D/ft* 
Mean flow velocity, ft/sec, 
Flow rate, lb/rec. 
feceleration due to rravity, “2.8 ft/sec, 

2 9 2 °% -, 
specific pelert of fluid, 1n/tt* 
Yiereter of conduit, inches 
rasethn of cordudt, incree 
*ear diameter of nelix, inches 
ya + 3 $+ pee 
Kinematic viscosity, ft"/sec, 
xeynolds lumber, (v/v)(D/12), dimensionless 
Hournness as measured py proflliometer, wricro-inches 
helative rourkness ratio from profllometer value 
keleative roneimese retio from absolute rourhness 
(Of, te?, 1) 
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Conventional correction factor for helical pressure 


drop ae used by Lorrie: and Seifert: Ac= [+ 3.5(0/,) 


Net 


Correction actor Tor inereste of nrebtura drop of 
belicet ooi] over thet of ecawlvalient atrabehot pine 
ue Geter" ine: Farcrigeriall’ in tis ctney: 
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EQUIPYERT FD PROCHOURE 


Py ULIPMENT, Phe equinment used consisted essentially 


¢a 


(29) ® pump to supply 4 variable flow of water, the 
working fluid, 

{b) two piezometer rine pressure pick ups, 

(ec) a water manometer, a mercury manometer, and 
pressure rauces for measuring pressure drop, 

(A) ea weirehine tank, scele, snd stop yer for 
determining flow ratee, end 

{e) the test sections of straiant tubine and helical 
ecilg, 

schematic sketeh of the ecutipment is shown in Fire, 1, 


Helical Test feections., The helics? test sections 


were formed from seasless drawn stainless steel tubines of 
0.375 inches outeide diameter and 0,0%5 inches wall 
thickness, The rouernress of the interior surfece of this 
tubing varied from plece to plece which made necessary 
the study of several straicht sections havinr different 
yealues of interior rourthness, 


The helices sre desertved in detatl in Tedvle I, and 


2 


the manufacturines techniane is set forth in ippendix BF, 
Gtraieht Test Sections, The straicht test sections 


vere of stentard commercial] seamless drewn stainless steel 


turbine of 9.50 inehes outside diemeter and 0,075 inches 


wall thickness, Thev were four feet itn leneth and of 


various vweluer of rourchmess,. In orser te vary the roughness 


the interior survaece of these sections was treate? x tyro 
aiffereant rrocessess: sant Dlastine and electrolvtio 
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the etreiochnt test sections sre listed in Tahle II, 











Pilenorweter Hine Treesure Pict ips, Tne viezometer 
a eee : 
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ine pressure rick urs were short mechined stainless 
steel secticna irstalle2 on the straieht leads at the 


entrance erd eritt of esah helir, Thev conststed of @ 
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Poliehed cerMuit equal in 4 ter to the tubhtne anc 
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drilled with three eralil rettiel holer ecuslily sensced on 
the circurtarence, “he soles were manifolied ov a hollow 
welded collar which wes fitted with © tubine connection 
to which the mnanorators ond raurcs were conneete: 

PROC OURT, The Pollewine is a step-hrestep 


adescrintion of the proce@ure employed: 


(1) Imstall test seetion in annaratus end wesh out 


S 


for fifteren minutes ata flow rate wel) above the rexinunm 
test value, 


(2) weduce flow rate to produce sbout four inches 


of water pressure drop, allow flow to stabilize, nae 
reed pressure drop, 

(2) Cimultanecusly witn (2) collect the full flow 
of water in the weichinge tank for a timed period, ‘ecord 


tne weirht of weter and time 


ite 


of flow, 
(4) Inerease flow rate to reach maximum in ©9 to 


“Oo ate 


3 
ces 


recor’ raadines sat each step, 


hen 
we 


me 


(5) Correct observed pressure drens for @rop due to 
pressure pickenpe, ioints, streaieht leads, and csure 
calivration (4f necessarv)., 


(6) “essure water terpersature and record density 
and viacoesity (Cf, wef, 2 and =). (No change in water 
temmeruture occurred durine tne test of any one section 
in this stuiy due to the larze size of the sump used.) 

(7%} Somrpute Reynolds Number for each step. 

(S$) Compute friction factor, f>, for Bech ste;. 

{9} Plot fp, areainst ‘ie for the section. 

(19) Cut up test section and measure rouchress. 


Ir order to elirinate the pressure drop tve to the 


i. 


a 


seure nicteuns (step 5 above), the following vrocedure 
was used, The two nickr-ups omeloved in the tent wero 
connected to esch erd of s one-foot straight leneth of 
the t@eat @eection tukire, i completc test of this short 


section wee mace and a curve of pressure Crop versus 


flow rate was constructed, This curve was used to 


- 8 « 


Ctkemte thd deduction to be applied to the obvserved 
pressure drcp of the straight test section at each flow 
rato. In calculating fp, the effective length of the 
test section was consemniently reduced one foot from the 
measured value, 

The helicel test sections, because the strairht 
leada varied in lenrth fror coil to coil, reoutred a 
sTell additions] correction, The effect of the pressure 
pick-ups plus six inches of straight lead was corrected 
for:-in the sare manner i that described above for the 
pick-ups plus one foot on the strairht seetions., “Tne 
pressure drop throumn the length of straicht leads in 
excess of six inches was corrected for bv a curve of 
pressure drop per unit length versus flov rate, The 
data for this curve were obtained cs folios: 

(a) three representative 0,775 inch strairht tubine 
samples, eight feet in lenrth, were tested over the range 
of flow ratee of the parent tests, 

(b) the tests of these three samples were corrected 
for the effects of the pressure pick-ups plus one foot of 


leneth as ontlined above, 


ry 


(c) for each flow rete the averaroe pressure drop of 
the three tuhes was divided by the length less one foot 
{seven feet), 


(a) this value of pressure dron per unit lenrth was 


plotted aguinst flow rate to viel? the desired curve, 


unese two correctiane to the observed vressure dron 
or the helices can he suruarizged as follows: a deduction, 
teken from the firat curve, for the drop dune to the vresmre 
pick-ups plus six inches of straient lear, end a ceduction 
for the remaininre strairght leads obtained dv multiplying 
the total leneth of leads less aix inches Dy the risure 
obtained from the second curve, 


+ 


3 under procedure entail 


Sr 


Calculations, Steps 7 and 
the followine calculations: 
(a) Conversion of flow rate to mean flow velocity: 
v = W/at where 
vy = velocity in feet ner second 
Ww = flow rate in pounds ner second 
d = specific weieht of water at working 


temoversture in ynounds per cubic foot 


A = cross sectional area of conduit in 
sousre feet 
{o) Calculation of Kteyvnolds Number: 
xe = (v/z)(D/12) where 
vy = velocity, ft/sec, 
z= kinematic viscosity, ft/sec, 


D = inside Aiameter of conduit, inches, 


- 10 «= 


(c) Caleulation of friction factor: 


fo 


— 
— 


(AP/a)(D/L)(2¢/v") where 


— 
-_ 


observed pressure @rop, 1b/ft” 
specific weight, lb/ft? 

inside diameter of conduit, inches 
length of conduit, inches 
acceleration due to gravity, 52,2 ft/sec” 


velocity, ft/sec, 


~ J} 


ASSUMPTIONS AND LIMITATIONS 
ASSUMPTIONS. Assumptions Concerning Koughness, 
Several assumptions were mede in order to attack 
the provlem with any reasonable expectation of success, 

t wes necessary to consider carefully the matter of 
rourhness in the tubes, iourhness can be characterized 
by the derree of roughness, or actual size of surface 
irrerularities, and by the neture of the rourhness, or 
shape and specing of the surface irremularities, It is 
known that a varlation in a conduit of either the derree 
or nature of the roughness will vary the frictional 
pressure drop of the conduit, The decree of the roughness 
was subject to measurement bv profilometer but the nature 
of the roughness could be judged only by visual insvectim, 
Conseanently, it was necessary to assume that a noticeable 
slight change in the neture of the roughness of a tube 
after it had been formed into a helix hed a neglirible 
effect on the pressure drop. It also was assumed that the 
treatment of the inside surface of the tubes Dv sand 
blasting and electrolytic polishing did not chance 
anoreciably the nature of the roughness, 

Other Assumptions, The sccuracy of the experimental 
data is dependent upon the validity of certsin otner 


assumptions, The roughness value used for a test section 


~ 1? a 


was arrived at by averaring vrofilometer readines of 
samples taken from each one foot leneth of the test 
section, The previously described procedure for 
eliminating the effects of the nressure taps and streisht 
leads of the helices includes the assumption that these 
effects wnen meusured with a short tubine section are the 
same as exist under actual test conditions, 

Upon completion of the exnerimental prozram, when 
the test sections were cut up to messure their surface 
. rouehnessa, two econtitions which seriously hampered the 
analvsis of results were brought to lieht., Helices 1] and 
- were found to be loarally fouled with small particles of 
“Cerraeafe", Thia radical chanre in rourhness and cross- 
sectional area which was not shown by the profilometer 
measurements wes assumed to be the cause of the verv hish 
Srietion factors of these two sections, Consecuently, 
the data from these two helices, while included sn the 
report, were not considered in the analvsis, 

The second condition discovered upon cutting the teat 
sections was that the relative rourhness, r/D,.of the 
one-half inch straight tubes was lower than tnat of the 
three-eitrhtha inch tubing of the helicea, The initial 
estimete of the maximum roushness obtainable bv the sand 
blasting vrocess was 100 micro-inches while the actual 
maximum obtained was 45 micro-inches, This vielded much 


lower relative roughness values than expected, Conseouentiv, 


-~ 1S - 


it was impossible to make a direct compariaen between 
etraicht and helical tubes of tdentical relative rouchnesea 

as was originally intended, Time prevented the preparation 
am! test of anv additional rounehened sections, Consecuently, 
er attempt was made to predict from Ceference 1 the friction 
factors of straicht tubes with which to compare the onserved 
friction fsetors of the helical coils. 

Use of r/P for YD, It was found that the test 
sections were so nearly amooth thet f could »e accurately 
predicted from the curve of Reference 1 using the value af 
r/D as ecuivalent to */D, It should be emphasized that 
this establishes no ecuivalence between r/D and &/D since 
£ 4s hiphly insensitive to variatione in */D {n the rerime 
under conaideration, However, the observeé friction 
factors, fo, of all the straight sections tested were 
compared with the friction factors predicted as ahove and 
were found to arree within four per cent, 

With this confirmation, streairht tube friction 
factors were predicted from the values of r/D of all the 
helical test sections. The analvsis was then based upon 
the comnsrison of f' and fo for each helix fust es if f! 
were odtatned from s straicht test section as was 


oricinally plenned, 


- *. 


surmary of ssesumptions, The essumptions sre summarized 
below: 
(a) The nature of the rourhness of a atrairht tube 
does not chanre when the tube is formed into e helix, 
(db) he nature of the rourhress of a straight tube 
do#s not cnaenre when the surface is electrcopolished 
or sand blasted, 
(c) The effective roughness of a piece of dram 
stainless steel tubing can be odtained by averacine 
the values of samples from esch one font. lensth of 
the piece, 
(a) Fhe pressure drop throurn the Srvicihe nick-uns 
and the straieht leads of a helix can be estimated 
by teatine the nick-ups with a straient section of 
tubing identical with that of the helix, 
LIMITATIONS, The limitations on thie etud~ sre 
listed below: 
(a) The upner limit of mean water velocity studied 
is 50 feet per second, 
(b) The ranze of Reynolds Numbers is 19,000 to 100,000, 
{c) Test sectionsa include only three-eirhths and one- 
helf inch tubine of circular cross section, 
(ad) ‘The only finuid studied 1s water, 
(e) No atterpt is made to correlate the results 
with theory, 
Recommentations for further investircation of the 


subftect are contained in the final section of this report, 


pa 
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ABrULTS AND DISCUSSION 


rr 


The “ature of the Curvature Correction, Tro points 
of view sre available in considering the nature of the 
curvature correction. The increase of pressure drop of 
the helices over that of the equivalent atrsicht tubes 
can “e commuted either as: 

(a) an increase in the atrsieshrt tube friction 
factor, or 

(o) a correction factor, He', to he used with the 
straisnt tube friction factor in the Darcy emation, 

In the first case the observed friction factor, fo, 
is computed from the observed pressure drop by the Darey 
equation, fo = AP(D/i4)(2e/v"), and the increase expressed 
as a percentare, thus: =oyis In the second case the 
correction factor is computed from the same ecuation using 
the straight tube friction factor thus: He! = (AP/f')(D/Ld) 
(ep¢/y"), It is apparent that He! = fo/f't and that ee 

# 
=He'-1, Conseounentlyv, the per cent {ncrease in friction 
factor due to curvature will be referred to hereinafter as 
simply He'-1, 

The Variables Involved, This curvature effect mirht 
be attributed to en~ or all of the following variables: 

(a) N, the number of turns of the helix 

(ob) He, the Revnolds Number 

(c) D, the tube dianeter 

(a) Dh, the helix diameter, and 


(ec) rv, the roughness of the tube, 


= 16 <2 


Conseauentiv, Het may be tertsatively corsidered to be of 
the form, 1+ Q(W, xe, D, Dh, vr), However, previous 


experience indicates thet the ratios r/ ? and D/Dh are 


™ 


sirnificart paremetere in the study of pressure drop in 
helices, «.esroupine the variables accordingly, Hel takes 
the form 1+ P(N, ke, D/Dh, r/D) in which all of the 
parameters are dimensionless, 

In attempting to establish the functionality of He! 
with the various variables, the following tables and curves 
were prepared: Tables Iii and IV, and Fircures 14, 15, 16 
and 17, The tables list the variables for each helix at 
“ermolds Numbers 2x10* end 10°, The figures show the 
observed variation of He'-1l with each of the four variables, 
N, He, D/Dh ard vr/Dd, 

Variation of He' with N and te, Because of the 
paucity of data no conclusions reached regarding the 
relationship of He! and anv of the variables can be 
consicered concrete, However, from a study of Firures 14 
end i8, it appeers that Ac! is independent of HR, the 
nuzher of turns of the helix, and ouite insensitive to 
Reynolds Humber, The ranre of values of £8 considered 
sufficient to substantiate somewhat the independence of 
He! and W,. Contrarily, the ranre cf. ieynolds Kumbers is 
svall and makes caution necessary in concludine that the 


curvature correction is renerally insensitive to varistions 


in <eynolds umber, also, in several instances the 
measurement of pressure drop at high hewnolds Nuri re 

was made ov two vressure gauce? Ceenuse the drop «exseeded 
the range of the manometers availeble, ‘ihe resuit one 
loss of accuracy is reflected in meny ef? the curves hut 
je not present in Figure 15, 

Variation of Het with D/Dh, risurGg 16 ghows the 
variation of He! with the ratio of tube to helix diameters, 
D/Dh, as determined ty the experiments, .lso shown for 
comparison is the correction factor Ae (=1+ 5,.8D/Dh), 

The data indicate an incresse in He! with D/Dh with the 
exception of helix (10 (fe't= ahout 0.07). 

Variation of He' with r/D, Firure 17 indicates an 
increase in the correction, without exception, as the 
relative rovehness increases, it is important to rotice 
at this point the value of the correction for helix #10 
and its position on Fisures 14, 16 and 17, This helix was 
fabricated from one-half inch tubing with a volue of D/Dh 
comparable to the other heliees but with u lor reletive 
rourhness vaiue. The correction, He'~1, for this helix is 
ver’ low (approximately 0.07) which mares it appear a wild 
point on Figures 14 and 16, However, in rirure 17 this 
value follows the trend of the other helices comoarativeiy 
well, This fact mar ve the most important fincine of the 


exveriment for it indicates that helical pressure drop may 


be vrincipall e function of relative roughness, 


=~ Le = 


Saemeery of Feanite, Tuhvfect to the rather severe 


a= 








Timitatiens end tae essumptions of the experimert, the 
followine conclusione may be dre Prom the Gata: 

1. tne correction factor is apparentiF indenendent 
of the mumber of turne of the helix, 

2, the effect of Nevnolds Humber on the correction 
is almont neglicible over tho ranre etudied, 

2, the correction appears to increase with the ratio 
Or tube to helix dlameters, with cne marked exception, 


£, the correction increases as tne value of relative 


D 


rousrhness increases, and 


ty 


Ss. Guestionable evidence suereats that relative 
rourhness, vether than the ratio of tute to helix claercters, 
may be the most sientficant varisdle invcelved in helical 


presaure drop, 


CONCLUSIONS AKD RECONVENDAPTIONS 

CONCIUSCICRS, Vorv limited etudy of ten helices 
formed from small, comparatively smooth circular tubing 
and operating at Reynolds Numbers retween 19,000 ard 
100,000 indicates thut the increased pressure drop due 
to curvature is a furction of relative roughness, r/D, 
ratio of tube to helix ifamoter, D/Xh, and possibly 
xevnolds Number, There is questionable evidence that 
relative roushness may be the most sicnificant of these 
parameters, 

er CGCOUPTEPaATLIONS, Certain aprlications of helical 
conduits, such as the cooling passages of rereneratively 
cooled vocret motors, reauire that pressure drop be held 
to a minimum, Jt would seem prudent in there cases to 
de eepecialiy painsteking in polishine the interior 
surface of such helices to minirize the possible compound 
effect of rourhness on the pressure @rop, 

“ecomnendations for Further Investiration., “he 
Pollewine surrmestions are meade for future investization 


of this subditect 


(a) increase the scope of the stud+y to include: 
1, a variety of tubing cross section shapes and 
sizes, 
2, a erenter ranre of ievnolds Numvers, 
e 2 ereater variety cf helical diameters, and 
2 rreater variety of relative rouckness vselues 


of the helices; 


(4) 


(a) 


(a) 


-. SO 


it oracticatle, mechine several helices end 
streignht sections to duplicate axeacil: the Gegree 
an? nature of surface rouchness; 

investirate thorouchiyvy the matter of mesceurine 


differential pressure at hich oressure levels 


with the vicw of rairtainine acceptable sccuracy 


at hirh Revynoliis “umbhers; and 

investicrate anil experiment with the processes 
aveijoblie Ter varvine the interfor surfece of 
tubing, i.e., sanc blasting, mechsnical and 
hydraulic honing, ane electrolytic polishine 
nlus any others discovered, in order to be able 


to oreduce an interior surface of predictable 


rournness, 


DITAILS HPLICAL TFET PRCT LORS 
(1) (2) (3} (4) (5) (6) C7) 
HE LiX Dy D Te, LEADS: L WO, OF Y 
FO, LRCHES LHCHTS INCHES INCHES TURNS BIOL o.in 
1 6641 O,205 9.63 £2.25 a B74 
- 3.46 0,805 9.78 54.60 é 47S 
& 2.46 Oe BO5 6.88 L132 ,09 Le 48.9 
4 = GP ea Oe 19.82 48 25 = AG.) 
> S, OF 0,205 12.63 O6..79 6 4F, & 
é oto 0,205 it (= 145.69 2 4? ,0 
7 f oor 0,805 13,18 70,90 a 42 30 
& f Jae 0.305 12,50 144,00 8 4&0 
9 36.900 0.305 12,00 11% ,?0 1 26 0 
£0 >» & 9,420 12,00 LOT .20 6 42,5 
WOTE: All helices were tirhtiy wound, i.e., piten 


eaual to outside diameter of tubine, 

* By "strairht leads” 1s meant the streisht 
intercral leneths of tubine extending 
tangentially from each end of the “ellx, 
The sum of these two leneths te listed ir’ 


the tabdtle,. 


DETAILS OF STRAIGHT TURR TRST STCTIONS 
(1) (2)  €9) (4) 
TDENTIF YING r r/D PROCE 


j 


iN 
v 


NUMBER MIGRO-Ii: x04 
1 3? 0.881 SANDBLA ST 
2 37 0.861 " 
3 34 0,792 i 
B A? 0.978 " 
g 45 1.050 f 
x O85 0.582 SLACTROPOLI 8H 


BCT: ALL straicht test sections were prepered as five 
foot leneths of one-half inch steiniess steel tubing of 
wall thicknecs 0,.0S3E inchés., Frior to testing, & cne-~ 
foot length was cut from one ena of eaah section to 
cetermine tle pressure tap corrections as deseribed 


en ja ON Ts ae] , ye 
under FROOMDUE, 


TABLE TIT 
ANALYSIS 4 Re # Ox10¢ SHOL.ING APFRENT ING?) ASE 


OF FRICTIOVY FACTOR (OKBSFRVED) OF HELIX OVP 


PERAIGHE PIPE 
) (2) (3) (4) (5) (6) (7) 
OBSERVED 
HELIX r/D INOKF ASF 
NO, nN  xio* D/D, ft f,  PFR CENT 
1 3 Ley 089 0862 ,0370 41,2 
22 6 1.45 088 ,OS6R 20440 67,4 
: e A287 O88 .026% .0850 2%.) 
é % “i. 81 060 .026% .0350 25.5 
6 e 1,42 060 0268 0824 PR 2 
6 9 1.28 058 026% 0745 “2 
7 3 1,41 041 026% ,0340 29.2 
g 6 1,41 240 0863 0230 55 
S 1 1.18 0085 0°62 .OR94 ek 7 
10 6 0.98 O76 .OP5R ,0277 7, t 


+ Erratic results caused by locel Poulinre in cordnit. 


Not considered in enalyvsis, 


note, 


helical daflametear of 5.69 inches, 


Helix No, 10 was formed from 7" tubing rith a 


TABLE IV 
WALYSIS AT Re = 10° Sroe ING APPAYRENT INcihacr 
Of FRICTION FACTOR (OPE ERVED) OF “ELIX OVI, 


 RelOekl’ PHS 


(1) (2) (3) (4) (5) (6) (ey 


WE LIN r/D INCREASE 
HO, n  x104 D/Dp fo = PR Cee 


a 3 . cao 20186  Cnra Deo 


av 
mo 


1,434 O86 - ONG 8821 Tee 


2 12 =, 87 ,088 ,0188 0257 26.7 
4 e fl .060 ,9188  .0269 42,1 
5 6 1,42 ,060 0187 ,0247 22.7 
e gS 1,88 .059 .O18E 0258 ARG 
7 Ce et 941 .9187 0°58 27 0 
9 6 1,47 940 = ATA7 ~~ .nean 28.9 
9 ji ae 0085 .01P6 0228 2° 6 
10 6 0,96 O76 §=,0184 =, 0197 7 O7 


« Erratic results causea bv local fouling in conduit, 
Not considered ir analveis, 
Notel Helix No, 19 was formed from ?" tubing with a 


‘helical Aianeter of 5,&9 Inches, 


- Awd ial 
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The Lelicai test sections were waruwectured os 
follows: 

te Te @rnaer surfececcf thee fubing Wah coated atth 

Viehnt machina o1] era the ertire tube heated tn oceilling 


water, 


J 


= 


“” oar. Ame «rye a 2 
a he $14@ wae Pil. 


ec cith a molten low-bolling- 


ow 
om 


£ ™ > vr 4 ft, © re - " ~~ i ¥ 
peint metel known ec “Cervuen "ee while immerced tn the 
a) 4 
heating dath, 


-. Wher co6l, the tiuhe wee forwed 4* Herd grcoprd 2 


9 
‘2 


Circular olne 


+ 


Y euitokia Stercter, 

4, “he Nelix wee then boilect inwut@r to Pemcve the 
metal ftller ame weehed cut wit? &@ eteim et fer the Final 
cleaning, 

"he meximur distortion of cross section created dv 
this technique wes a 1.2 per cent decrasse in diameter in 


ct 


the @irection of the selitit¢al radine., The conduit wes 
*herefore ecnsideresd circvler in crose section throurhout 


the investiration, 
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FIGURE 14 
He'=l vs. Number of Turns 
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FIGURE 15 
He'=1 vs. Reynolds Number 
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YIGURE 16 
He'-1 vs, Diameter Ratio 
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FIGURE 17 
He'-1 vs. Relative Roughness 
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